THE HYPOTHALAMUS comprises a relatively small area on the ventral aspect of the diencephalon, forming the floor and portions of the walls of the third ventricle. It is delimited dorsally from the thalamus proper by the hypothalamic sulcus and may be said to extend rostro-caudally between the anterior border of the optic chiasma and the interpeduncular fossa. It is bounded laterally by the internal capsule and the subthalamic structures. Grossly its ventral aspect presents the bulging tuber cinereum, the mammillary bodies and the infundibular or hypophyseal stalk which unites the pituitary body with the brain. While the caudal, lateral, and dorsal boundaries are quite obvious, the rostral one is not so clearly defined and the substance of the hypothalamus blends with that of the socalled preoptic area, which in itself may possess some of the functional attributes of the hypothalamus.
It is convenient to divide the hypothalamus into three areas, the supraoptic, tuberal and posterior (Beattie, 20, 1932) . In the supraoptic region, dorsal to the chiasma, are several important nuclei represented bilaterally. The supraoptic (sometimes called the tangential), lies over the beginning of the optic tract and is composed of large cells which stain heavily with the com-* [Department of Anatomy, State University of
Iowa.]
monly used blue dyes. This nucleus gives rise to nerve fibers extending to the hypophysis. Along the wall of the third ventricle dorsomedial to this group is the paraventricular (or filiform) nucleus, which is composed of similar cells. The anterior hypothalamic nucleus is a sometimes poorly defined group of smaller cells imbedded in the diffuse gray matter dorsal to the chiasma. The nuclei of this and more caudal areas lie in a mass of gray matter called the substantia grisea hypothalami which contains neurons of various sizes, chiefly small. Two other smaller nuclei are the periventricular and the ovoid. Dorsal and lateral to the supraoptic nucleus is an area containing numerous unmyelinated and small myelinated fibers of the medial forebrain bundle, in which are embedded numerous small neurons and a few large ones. This is the lateral hypothalamic area, a functionally important region, bordered laterally by the internal capsule and extending caudally throughout the hypothalamus.
The tuber region, made distinctive by the infundibular outpushing, is a mass of gray in which several structures may be distinguished. The ventromedial nucleus, the most conspicuous group in this region, is a rounded mass of closely packed cells occupying the body of the tuber itself. Dorsal to it is the dorsomedial nucleus, less distinct, and closely associated with slender chains of small neurons lying among the fibers bordering the ventricle, the periventricular nuclei. In primate brains the lateral area contains 2 or 3 small round groups of pale cells, the so-called lateral nuclei of the tuber. The lateral course is traversed medially by the fornix.
The posterior hypothalamus is made conspicuous by the mammillary bodies. Each of these contains two main nuclei, a larger, pale-staining medial and a smaller, dark-staining lateral nucleus. Laterally and dorsally lies the nucleus intercalatus. The fornix enters chiefly into the lateral mammillary nucleus. Extending dorsalward from the medal nucleus is the mammillo-thalamic tract, an important landmark, for between it and the ventricle lies the posterior hypothalamic nucleus, said to be a chief source of periventricular fibers. Dorsal and rostral to the mammillary bodies are some small condensations of cells apparently of minor significance. The supramammillary decussation or commissure is of some importance because it may possibly contain efferent descending fibers from the higher hypothalamic levels as well as striatal connections, especially in lower mammals. The lateral hypothalamic area in this caudal region narrows down considerably because the fibers remaining in the medial forebrain bundle appear to pass into the mesencephalic tegmentum. It contains a considerable number of fairly large, dark-staining cells of different type than those in the mammillary complex-these cells have been designated collectively by some authors as the nucleus tubero-mammillaris.
Relatively few of the neurons of the hypothalamus are of somatic motor type. The majority contain finely granular Nissl substance in varying arrangements and have been considered by most authors as autonomic in type. The Nissl pattern is variable, and it has been repeatedly pointed out that many cells in this region may normally present a picture which in any other region might be considered as showing a chromatolytic degenerative reaction. It is said that many hypothalamic neurons, when examined with suitable cytological methods, "show definite signs of secretory activity Collin (55, 56> *933); Florentin (pj, 1934) Gaupp {106, 1935), Kappers {185, 1935) , Peters (294, 1935) , Scharrer (337, 1933) Scharrer and Gaupp (338, 1933) , Roussy and Mosinger (326, 1934) .
The fiber connections of the hypothalamus are not easily determined, because of the difficulty involved in any experimental approach. While there are some conspicuous myelinated fiber systems, histological preparations made with the silver methods disclose an all pervading mass of unmyelinated fibers, with few clearly discernible tracts imbedded in a sort of background feltwork. Even if it were possible to localize suitably very small lesions, the resulting degenerations would be hard to follow because of our lack of a good method for staining degenerating unmyelinated fibers. While much has been written concerning fiber connections in this region, the work has been largely based upon normal material, and even if distinct tracts are observed, it is difficult to determine the direction of conduction. Any statements made, no matter how positively, must be taken with considerable reservation and considered merely as a background for future work with more suitable methods. The most reliable information has probably been gained by stimulation experiments.
The most conspicuous myelinated connections include the fornix and mammillo-thalamic tract, whose connections with the mammillary bodies, hippocampus, thalamus and tegmentum are well known and need not be discussed. These old systems are primarily olfactory and have been con-sidered by Edinger as part of a gustatory system. Experimentally, no light has been cast upon their functions, because animals may behave normally after they have been destroyed. The medial forebrain bundle, also probably primarily an olfactory tract extending from the preoptic and parolfactory areas caudalward, contains many fine myelinated fibers along with a heavy mass of unmyelinated ones. Since this bundle diminishes in size as it passes caudalward through the hypothalamus many of its fibers must end in the latter. A few fibers, especially unmyelinated components, continue backward into the reticular formation of the mesencephalic tegmentum, possibly constituting a descending efferent pathway from the hypothalamus. A portion of this bundle, from which autonomic responses are readily obtained, runs ventral to the fornix and has been designated by Krieg {214, 1932) as its subfornical component. A strand of myelinated fibers running dorso-lateralward out of the ventromedial nucleus to join this system was thought by Rioch (322, 1931) to be efferent and was called the hypothalamo-tegmental tract. However, the writer has observed this bundle to persist long after destruction of the ventromedial nucleus, which would seem to indicate that if it actually has any connection with the latter it must be an afferent one. There is some possibility that it may come from the fasciculus thalamicus or the fasciculus lenticularis. Some scattered myelinated commissural connections which may arise in part in the hypothalamus are observed posterior to the chiasma in what is probably Ganser's commissure and also in the supramammillary decussation. An ascending afferent myelinated bundle, the mammillary peduncle, is said by Papez {285, 193a) to arise in the ventral tegmental nucleus. It ends in the neighborhood of the mammillary body. Perhaps, also, it contains descending fibers arising in the nucleus intercalatus (Clark 52, 1936) . A few myelinated fibers appear to turn dorsalward out of the optic chiasma immediately after crossing to disappear in the neighborhood of the nucleus ovoideus. Pate {288, 1937) has reported that enucleation of the eyes causes atrophy of this nucleus.
The unmyelinated fiber bundle about which the most definite information is available is the so-called hypothalamico-hypophyseal tract, which extends down the hypophyseal stalk to end in the pituitary gland. This tract was first observed in the rat by Cajal (jg, 1894) and has since been studied extensively in higher forms by Gemelli {108, 1906), Tello (368, 1912) , Watrin and Baudot (3po, 1922) , Hoenig (753, 1922) , Kary (iQ7, 1924) , Lewy {227, 1924) , Pines (300, 1925 Pines (300, , 301, 1926 Pines (300, , 302, 1931 , Maiman (251, 1930) , Cushing (63, 1932) , Bucy (36, 1932) , Roussy and Mosinger (326, 1934, 32/, 328, 1935) , Sanz Ibanez {334, 1934), Greving (116, 1925; 777, 1926; 118, 19IJ; 7/p, 1931) , Stengel (362, 1926) , Croll (60, 1928) 3 Mogilnitsky (26p, 1928) , Espino Vergara (84, 1924) , Laruelle (219, 1934) , Jores {179, 1935) , Takeyama (366, 1936) , Fisher, Ingram and Ranson (88, 1935) , Ingram and Fisher (167, 1936) , Fisher, Ingram and Ranson (pi, 1938) . There is evidence that this tract exists in lower vertebrates, also. Its heaviest fiber component arises in the supraoptic nucleus, passes down the ventral wall of the stalk and ends largely in the pars nervosa of the hypophysis, in relation to islets of secretory cells of a peculiar type. When the tract is severed, the supraoptic nucleus degenerates and the pars nervosa atrophies. The function of this supraoptico-hypophyseal tract will be discussed later. It is fairly well established that the bundle as a whole, however, has other sources of origin than the supraoptic nucleus. Greving (//£, 1931) and Roussy and Mosinger (326,1934) believe it receives fibers from the paraventricular nucleus, and there is some indication of loss of cells from the latter when the tract is cut. Some of its fibers seem to arise in the tuber region and Roussy and Mosinger (326, 1934) picture them as coming from a number of nuclei there. Experimental evidence in regard to the latter is difficult to obtain. The bundle as a whole may well be called the hypothalamico-hypophyseal tract with two divisions, the supraoptico-hypophyseal and the tubero-hypophyseal, the latter occupying chiefly the dorsal wall of the stalk.
As to the termination;-the bulk of the fibers of this tract end in the pars nervosa among the so-called pituicytes (Gersh /op, 1937) . Some of them end in the median eminence and stalk (Sanz Ibanez 334, 1934) , which also contain pituicytes. Some authorities maintain that some fibers terminate in the pars intermedia although they cannot be numerous, and according to Hair {128, 1938) a few enter the pars tuberalis and pars anterior in the cat. It is very difficult to follow fibers from the hypothalamico-hypophyseal tract into the pars anterior. However, Brooks (32, 1938 ) was able to demonstrate nerve fibers in the anterior lobe of the rabbit after sympathetic sources had been removed; these fibers could not be found-after section of the stalk, which is indirect evidence of their origin in the hypothalamus.
The main origin of the supraopticohypophyseal tract now seems well established, as the supraoptic nuclei have been repeatedly observed to show degeneration when the tract fibers are interrupted or the hypophysis removed (Kary igj, 1924, Kijono 208, 1925 , Biggart 23, 1936 , Maiman 231, 1930 , Ingram and Fisher, 167 1936 , et al).
Gagel and Mahoney {104, 1933; /05, 1936) have denied that any such thing occurs but the weight of evidence seems against them (Rasmussen 3//, 1937, Hare 131, 1937 , Magoun 243, 1938 .
Much could be written concerning the general fiber connections of the hypothalamus with outside structures but an extensive discussion of the various contributions seems hardly worth while. It is generally agreed that the bulk of the afferent connections are primarily (or primitively) olfactory, reaching the hypothalamus through the medial forebrain bundle and the ansa peduncularis, besides the fornix and stria terminalis. Connections with the caudate and lentiform nuclei are frequently mentioned. Some authors postulate direct afferent connections from non-olfactory cortical areas. That some sort of cortical connection exists is strongly indicated by experimental work. However, von Milliser (268, 1932) could demonstrate no fibers passing from the neocortex to hypothalamus in the rat in studying degeneration from cortical lesions. Levin (226, 1936) could find no connection between frontal cortex and hypothalamus in the monkey. It is very likely that cortical influences are brought to bear upon the hypothalamus indirectly by way of the thalamus proper. Clarke and Boggon (5/, 1933) and Walker {384, 1936) say that the dorso-medial nucleus of the thalamus sends fibers to the hypothalamus by way of the periventricular system; Laruelle (2/9, 1934) does not figure such connections. Roussy and Mosinger {327, 1934), Karplus (188, 1937) suggest the possibility of direct sensory paths to the hypothalamus.
Internuclear connections have been frequently mentioned, but little of certainty is known about them. The descending efferent connections are said to be with the mesencephalic tegmentum by way of the medial forebrain bundle and other diffuse systems (fasciculus tuberis descendens of Nicolesco), to lower vegetative centers by way of the dorsal longitudinal bundle, and periventricular fibers into the central gray of the aqueduct. Beattie Beattie (20, 1932) , Laruelle (219,1934) , Roussy and Mosinger {326, 1934) .
Some important information as to descending paths from the hypothalamus to lower effector mechanisms has been yielded by experiments in which stimulation of the hypothalamus has been carried out before and after partial sections at various levels of the brain stem and spinal cord. Thus Karplus and Kreidl (191, 1912) found that the pupillary dilatation produced by hypothalamic stimulation persisted after hemisection of the cervical cord, but was abolished by hemisection of both sides at different levels, and they postulated a crossing of the pathway in the cervical cord. Very recently, Magoun, Ranson and Hetherington (249, 1938) have performed extensive experiments along the same line after sections of varying extent at levels in the midbrain, pons and cervical spinal cord. In the midbrain, according to these workers, there are possibly some connections via the central gray, but reactions from the hypothalamus could still be obtained after destruction of the central gray, medial longitudinal fasciculus and the tegmentum adjacent to the central gray. These findings are at variance with those of Beattie-, Brow and Long {18, 1930). The descending connections in the midbrain may thus be said to be widely and diffusely represented in the mesencephalic tegmentum. Similarly, in the pons, descending connections in the periventricular regions were found to be of a minor order, the bulk of the fibers extending into the lateral portions of the tegmentum. As for decussations, these workers found no evidence for crossing of the path for bladder contraction above the first cervical segment. The paths for respiratory and blood pressure responses, however, seemed to undergo partial crossing even above the midbrain levels studied. The pressor pathway is predominantly uncrossed as far caudalward as the first cervical segment, below which the degree of crossing appears to be greater.
It is also of interest to note that Langworthy and Richter {218, 1930) traced the paths for galvanic skin responses from forebrain and diencephalon by stimulation methods caudally through the brain stem in the pyramidal tracts and also in the lateral portion of the midbrain and pons-in the latter instance in the region of the rubrospinal tracts.
STUDIES OF THE FUNCTIONS OF THE HYPOTHALAMUS
Besides clinico-pathological studies, several approaches to the investigation of the physiology of the hypothalamus have been used. One of these has been the study of animals after removal of higher portions of the brain; in another attempts have been made to arouse the hypothalamus or parts of the hypothalamus to abnormal activity under otherwise constant .conditions by artificial means of stimulation, including the use of drugs, mechanical irritation and electrical current. Still another approach has been the suppression of all or part of the hypothalamus in otherwise intact animals by the use of drugs or direct destruction. While the participation of the hypothalamic region in various visceral functions had been suspected for many years (see Cushing 64, 1932) , the first real evidence for such function was offered by the stimulation experiments of begun in 1909. Let us then consider some of the work accomplished by this method.
The effects of direct stimulation of the hypothalamus: Karplus and Kreidl (1909) approached the hypothalamus in cats by exposing the brain freely and placing the animal upon its back so the brain dropped somewhat from the floor of the skull. Faradization behind the optic chiasm lateral to the infundibulum produced dilatation of the pupils and retraction of the nictitating membrane. Section of the cervical sympathetic trunks abolished this response. The reaction was still obtainable long after removal of the hemispheres and most of the basal ganglia, and since this largely removed the possibility of stimulating fibers of passage, the authors believed they bad established a true center for autonomic reactions. Later work (1910, 1912 ) confirmed these results, and experiments in which hemisections of the cervical spinal cord were performed seemed to establish that the path ran from the diencephalic center of one side to the cervical sympathetic of both sides. They also suggested that the area in question may exert an inhibitory action on the oculomotor nucleus, since hypothalamic stimulation after cervical sympathectomy still elicited slight pupillary dilatation. Hypothalamic stimulation was further observed to call forth lacrymation, salivation, sweating from the pads of the feet and contraction of the full or empty bladder. Increases in blood pressure from such stimulation (1918) were found to occur in curarized animals. These rises were not obtained from the infundibulum (1927), but were obtained from the hypothalamus after removal of hypophysis or adrenals. The latter operations were also without effect on the sweating, etc. responses. The elicitation of such reactions by stimulation of afferent fibers in peripheral nerves led the authors to believe that the hypothalamus was sensitive to pain stimuli from the periphery and that it participated in pain reflexes. In 1930 and 1933, Karplus and Peczenik {195 and 196) reported that stimulation of the hypothalamus caused a change in the cerebrospinal fluid whereby the latter became capable of causing contraction in uterine strips and expansion of the melanophores of frog skin. This change, they believed, was traceable to a release of pituitrin into the cerebrospinal fluid, and was not dependent upon activity of the cervical sympathetic, general irritability or pain.
In 1912 Aschner (6) attempted to stimulate the hypothalamus by piqure, and with various electrical and chemical means, and reported glycosuria, elevation of blood pressure and contraction of the bladder as well as contraction of the uterus in pregnant dogs and cats. Stimulation of the hypophysis was without effect. Lichtenstern (23/, 1912) observed contraction of the bladder upon stimulation of the hypothalamus; the response was abolished by section of the nervi erigentes, but was enhanced by removal of cerebral cortex. Leschke and Schneider {224, 1917) , using the piqure method, found no changes in energy metabolism or in chloride or allantoin output after hypothalamic irritation. They did find slightly diminished nitrogen metabolism. The piqures made by these workers often amounted to rather gross lesions. Schrottenbach {339-342, 1914 Schrottenbach {339-342, , 1916 , apparently inspired by the work of Karplus and Kreidl, studied patients and animals with diencephalic lesions for psychophysiological disturbances. He observed interference with psychic vasomotor, cardiac and pupillary changes in his patients, and alterations in the respiratory and vasomotor responses to various stimuli in rabbits, concluding that the hypothalamus area was important for mediating such effects. This, while not dealing with direct stimulation, was one of the earlier observations on the relation of the hypothalamus to homeostasis. In 1925, Houssay and Molinelli {160) observed increased secretion of adrenalin in response to stimulation of the infundibular portion of the third ventricle. Schurmeyer {343, 1926) observed melanophore expansion in frogs after hypothalamic puncture and ascribed it to release of hormone from the pars intermedia of the hypophysis. Wang and Richter (388, 1928) confirmed the general findings of Karplus and Kreidl, and while unable to observe sweating in their cats, they obtained good galvanic skin responses from the footpads. These were abolished by section of the sympathetic nerves to the limb. Wang, Pan and Lu {387, 1929) found the galvanic skin responses produced by stimulation of peripheral nerves were not greatly changed by removal of the hemispheres, but showed considerable diminution in intensity and prolongation of latent period after decerebration below the diencephalon. This finding, so different from the effects of decerebration on somatic motor reflexes, seemed to establish the importance of the hypothalamus for this type of reaction. That the latter is not absolutely essential, however, is shown by the fact that such responses may still be obtained in spinal animals. Langworthy and Richter (2/8, 1930 ) also obtained galvanic skin responses from stimulation of the hypothalamus and areas rostral to the latter. Their work upon the possible descending paths has already been described.
Lewy {228, 1928) stimulated the hypothalamic region electrically, specifically approaching, he says, the corpus subthalamicum (which is not really a part of the hypothalamus), and observed dilatation of the pupils, salivation, lacrymation, but little change in blood pressure. Shinosaki (346, 1929) also observed pupillary dilatation upon stimulation, and was quite emphatic in designating the subthalamic nucleus as the effective point. It is of interest that Lewy was among the first to use the Horsley-Clarke stereotaxic apparatus for stimulating the hypothalamus. This instrument (Horsley and Clarke /jp, 1908) is of great value in approaching the more remote parts of the brain with a minimum of damage to other portions. By its use, insulated needle electrodes may be inserted with considerable precision to desired places, and stimulation carried out with faradic or other types of current. Restricted localized lesions may also be produced electrically. Points stimulated or destroyed can afterward be identified in microscopic sections. Discussion of the uses of this technique has been given by Ranson {310, 1934) . Using this method, Ingram, Ranson and Hannett {173, 1931) found that pupillary dilatation could be elicited from many points beside the subthalamic nucleus. Ranson and Magoun (3/6, 1933) found by similar methods that the dilatation was obtainable particularly from the lateral hypothalamic area and the region surrounding the fornix, the response first appearing at the anterior hypothalamic level. The descending pathways became quite diffuse in-the midbrain. The finer localization possible in these experiments indicated that the results of Lewy and Shinosaki were probably due to spread of current from the subthalamic nucleus to the adjacent lateral hypothalamic area. The stimulation of this region was also observed by Magoun and Ranson to produce acceleration of respiration frequently associated with running movements. From the rostral part of the hypothalamus typical "spitting" movements of the mouth and tongue associated with forceful expiration were obtained.
Before entering into further discussion of the work of Magoun, Ranson and their co-workers, it may be well to describe the investigations of Beattie and his group. Beattie, Brow and Long (/g, 1930) working with cats observed that the cardiac arrhythmias produced by chloroform anesthesia and said to be due to abnormal sympathetic activity or discharge of adrenalin were abolished by lesions in the posterior but not by removal of the anterior part of the hypothalamus. Extrasystoles and elevation of blood pressure were also produced by electrical stimulation of the caudal part of the hypothalamus. These effects were considered to be in part due to release of adrenalin, but also occurred in the absence of the adrenal glands. Lesions of the posterior hypothalamus lengthened the auriculo-ventricular conduction time; stimulation shortened it. The study of efferent paths from the hypothalamus carried on by these authors has already been mentioned. It is of interest, that lesions of the posterior hypothalamus produced transient glycosuria and polydipsia, drowsiness, and fall of body temperature, and loss of pilo-erection. Since the effect of destruction of the posterior hypothalamus on chloroform arrythmias differed from that of removal of the anterior or supraoptic portion, Beattie {20, 1932) postulated two functionally distinct areas in the hypothalamus-an anterior parasympathetic and a posterior sympathetic. The latter was also considered to be under some degree of control by the former, while inhibitory and excitatory influences over the whole were exerted by cortex and thalamus, respectively. Beattie did not believe there was evidence for a series of discrete centers, but that the activity of one or the other complex was generalized along the line of "mass reactions". Beattie (21, 1932) and Beattie and Sheehan (22, 1934) reported that stimulation of the lateral margin of the infundibulum (apparently included in Beattie's anterior area) produced increased motility and secretion of the stomach, with prolonged stimulation causing the appearance of patches of hyperaemia in the mucous membrane. Cutting the vagi prevented these effects. Increased tone of the bladder and slowing of the heart were also observed. On the other hand, stimulation of the posterior or sympathetic area resulted in obliteration of all gastric activity. There is some question whether the increased intragastric pressure observed by Beattie may not have been due to contraction of the abdominal muscles or to respiratory movements. Beattie and Kerr (PJ, 1936) added further support to the idea of segregation of function in the hypothalamus by reporting relaxation of the urinary bladder after stimulation of the posterior hypothalamus, with contraction resulting from stimulation of the anterior portion.
Other (62 } 1936) . Stimulation of the hypothalamus proper, and more specifically, the full extent of the lateral and the posterior areas, produced largely reactions of a sympathetic nature-elevation of blood pressure (accompanied, however, by little change in heart rate) and dilatation of the pupils. These responses were also obtained in curarized animals. Associated with them in ordinary anesthetized cats there was usually augmentation of respiration. Contraction of the bladder was obtainable from various points in the hypothalamus, but the authors were able to trace this response forward beyond the limits of the hypothalamus into the preoptic area and septum and suggested that when such reactions were elicited from the hypothalamus they were due to activation of descending pathways passing through it. Such other parasympathetic activities as could be aroused were also obtained from anterior areas. These responses, including depression of blood pressure, slowing of respiration, but rarely slowing of the heart or pupillary constriction, were effected from "the gray matter around the anterior commissure and near the ventral tip of the lateral ventricle and parts of the septum and preoptic area". The depressor response may well be due to stimulation of a cortical pathway, since it was traced forward into the frontal lobe. The authors admit the possibility of a parasympathetic center in the region mentioned, but question the existence of a general center of this sort, pointing to the fact that slowing of the heart and constriction of the pupils are rarely, and defecation, erection, salivation, lacrymation, and intestinal motility never obtained from this area in their experience. It was of interest that true hypothalamic stimulation producing hypertension and augmented respiration would, if maintained, spread to somatic motor centers, with running movements, struggling and clawing appearing. Even in anesthetized animals the total response thus produced resembled the effects of intense emotion. Results obtained on unanesthetized cats thus become of interest (Kabat, Anson, Magoun and Ranson, 182, 1935) . In these experiments various points in the interior of the brain were stimulated with needle electrodes oriented with the stereotaxic instrument and anchored firmly in the skull. With the electrodes in the lateral hypothalamic area a picture of intense emotional reactivity was produced, with pupil dilatation, erection of hair, violent struggling and clawing, acceleration of respiration and spitting. Fluoroscopic examination of gastro-intestinal movements showed that all movement ceased abruptly upon the onset of stimulation in this region; furthermore, stimulation in the possibly parasympathetic areas situated farther rostrally failed to induce any increased activity of the gut. It was pointed out by the authors that, by stimulation methods, the changes observed by Cannon (48, 1929) in excited cats or those appearing in cats lacking the inhibitory influences of the cerebral cortex (Bard /o, 1928) , could be reproduced. Mention of these factors in behavior will be made later. The pathways involved in facial and vocal components of emotional expression have also been studied in cats and monkeys by Magoun, Atlas, Ingersoll and Ranson (243, 1937) .
Direct confirmation of the findings of Houssay and Molinelli {160, 1925) that hypothalamic stimulation causes outpouring of adrenin, with the additional finding of release of sympathin into the circulation has been brought forth by Magoun, Ranson and Hetherington {248, 1937). Differential methods showed that both of these hormones are produced, but the authors were careful to show that direct nervous effects of stimulation are primary, in view of the prolonged latent periods of responses involved by such substances. That they may play a part in augmenting and prolonging hypothalamic influences was suggested as a possibility, and it was "concluded that the role of the hypothalamus in visceral innervation and emotional excitement is effected both by direct nervous influences and by humoral substances for whose release these nervous influences have been responsible".
Oddly enough, all these effects have been obtained from the lateral hypothalamic area, which includes mostly fibers of the medial forebrain bundle and relatively few nerve cells except in its caudal part. The medial portion, which contains the cell groups to which so much attention has been given by anatomists was relatively silent except for the caudal portion of the posterior hypothalamic nucleus-and responses obtained in the latter may be due to activation of decussating fibers. The reasons for this are obscure, since many of the fibers in the lateral areas must come from the hypothalamic cell groups, and few of the responses can be traced rostral to the hypothalamus proper. Perhaps the threshold of the axons is lower than that of the cells, or the concentration of fibers into a small area makes the activation of a larger number of nervous elements a possibility.
So much space has been devoted to the foregoing researches because of their basic importance and, in certain cases, because they represent such detailed, thorough-going and far-reaching investigations. Other important work, must also be mentioned, but briefly. The work of Hess upon the effects of stimulation upon sleep will be discussed, later. His work, of interest because of the employment of direct, pulsating current as means of stimulation also includes observations (14Q, 1935) on autonomic effects somewhat different in their localization from those of Ranson, Magoun et al. Van Bogaert (j7<5, 1935 ) and Jaegher and van Bogaert {178, 1935) have also observed blood pressure elevations and acceleration of heart rate (if vagus is cut). The blood pressure response was abolished by sympathectomy or ergotamine administration. Van Bogaert also observed clonic and tonic convulsions. The latter were observed by Kabat, Anson, Magoun and Ranson only when strong stimuli were used. It is of interest that Morgan and Johnson (279, 1930) observed epileptiform convulsions during a period of a few hours following injection of dilute solutions of mercuric chloride into the hypothalamic region. JEctors, Brookens and Gerard (82, 1938) stimulated the exposed surface of the third ventricle wall and observed the usual responses. However, they believed that several distinct centers arranged anteroposteriorly could be designated, but since their anatomical localizations were macroscopic, direct correlation with specific cell groups was not possible. The rostral region gave responses suggestive of rage, the posterior of fear and pain. These centers were thought to be in the gray of the ventricle walls, with the pathways possibly in the lateral region. Somatic responses were obtained from the posterior hypothalamus-some of them resembling the so-called tegmental response (Ingram, Ranson, Hannett, Zeiss and Terwilliger, 124, I 93 2 )-Responses in which automatic and somatic effectors cooperate led the workers to suggest for the hypothalamus a role in the control of certain "discriminate" activities, presumably of an emotional character. However, these somatic responses were obtained from areas not far removed from the motor centers of the midbrain. Effects were apparently obtained from the gray substance and not from the lateral region, since the reactions were not observed when the electrodes were plunged a short distance into the wall of the ventricle. The possibility of stimulating fibers of the periventricular system must be considered.
Pen field and Stavraky (293, 1935) , Stavraky (359, 1936) , have demonstrated a relationship between the hypothalamus and vasomotor activity in the meninges in cats. They observed dilatation of pial arteries from stimulation of a circumscribed area in the ventral portion of the tuber cinereum and from a more diffuse area in the dorsal thalamus. Somewhat variable results were obtained in regard to constriction of these vessels, but stimulation between the cerebral peduncle and third ventricle produced such effects. The results were independent of blood pressure changes, and were not abolished by adren alec torny, hypophysectomy or artificial respiration.
Very recently/ Massermann and Haertig (262, 1938) have reported results tending to show the existence of parasympathetic elements in the hypothalamus. Using the stereotaxic apparatus, these workers found that movements of the gut could be produced in cats by weak stimuli applied to the anterior hypothalamic area, to the dorsal part of the supramammillary decussation and the mammillary bodies. Similarly weak stimulation of the suprachiasmatic region or of the ventral part of the supramammillary decussation caused inhibition of intestinal motility. With stronger stimuli the results of Kabat, Anson, Magoun and Ranson were confirmed. Also, small amounts of strychnine injected into the hypothalamus sometimes caused slight accentuation of intestinal movements; larger amounts produced spasticity and blanching of the gut. These findings, if confirmed, will support those who have suggested the presence of parasympathetic as well as sympathetic centers in the hypothalamus, the former apparently having the lowest threshold to electrical stimulation and effects so weak as to be readily masked or obliterated when the stronger discharges from the sympathetic elements are brought into play.
Other important evidence relating the hypothalamus to the autonomic nervous system has been presented by Bronk, Lewy and Larrabee (3/, 1936) from the standpoint of electro-physiology. Action currents, led off the lateral hypothalamic area, were synchronous with the rhythmically occurring waves observed in efferent sympathetic nerves. Electrical stimulation of this area initiated corresponding volleys in such nerves. Furthermore, stimulating afferent nerves which ordinarily influence the efferent rhythms produced rhythmic changes in potential in the hypothalamus. It is also of interest that section of the brain stem rostral to the hypothalamus caused increased sympathetic discharge, while section caudal to the hypothalamus reduced the amount of rhythmic activity in efferent nerves without completely abolishing it.
Very recently Grinker {120, 1938) has developed a technique for electrical stimulation of the hypothalamus in man. This is carried out through the sphenoid bone and has produced the sort of results found in animals, including marked elevations of blood pressure. Strong currents produce convulsive movements and changes in respiration and circulation. Therapeutic utilization of this method in schizophrenia is suggested. In cats this technique has been used in studying electrohypothalamograms, and it has moreover been observed that hypothalamic stimulation produces changes of an excitatory character in cortical action currents. Thus in some way the hypothalamus may affect cortical activity, if not by direct then by indirect connections, and possibly through hormonal or humoral influences.
A word should be added concerning the type of electrical current used in stimulation experiments. Most investigators have found ordinary faradic current satisfactory. Hess, (*47, 1932), however, recommends a damped pulsating direct current as being most suitable for the activation of high-threshold vegetative elements without spread to somatic fibers. On the other hand, Harrison, Magoun and Ranson {133, 1938) have recently studied the thresholds to stimulation with various types of current in the brain stem, and found no advantage of the use of direct, damped current pulses over ordinary faradic shocks. It was found that the latter could be controlled sufficiently for limited localization of stimulating effects. The use of direct current is likely to involve polarization of electrodes and, even more serious, electrolytic destruction of brain tissue.
It is necessary, further, to consider work in which means other than electrical have been used to excite or depress the supposed centers of the hypothalamus. It will not be possible to review all the work relating to the action of drugs and chemicals but some of the more important may be mentioned. It should be pointed out in the first place that the Germans have long considered that narcotic drugs of the barbiturate type act on the diencephalon (Keeser and Keeser, ig8, 1927, Sahlgren, 333, 1934) . The fact that the intraventricular injection of ergotamine was observed by Hess (148, 1931) to induce sleep led him to postulate a suppression of the sympathetic system by such means. Demole (70,7/, 1927) (135, 136 1930) reported that direct injection of K, Ba and Na salts into the tuber cause elevation in temperature and sweat secretion in cats, while Mg and Ca were inhibitory to these effects. That the positive results were of sympathetic nature was indicated by the fact that they were abolished by ergotamine. Colucci and Penta (5^, 1932) observed that injection of ephedrine into the third ventricle produced sympathetic effects more marked than those obtained by subcutaneous injection. Leschke {222, 1920) says that death results from application of 1:1000 adrenin to hypothalamus. Karplus (188, 1937) denies this, and Spiegel and'Sal to (J55, 1924) found no effect from it. The latter observed that posterior pituitary extracts injected into the third ventricle lowered blood pressure.
The site of action of various hormonal substances, and their effect on the hypothalamic structures is of great interest. Raab (307, 1926; 308, 1930;  jog, 1934) studying the effect of pituitrin and his hypophyseal extract "Lipoitrin" in lowering blood fat, reported that results were much more marked when these substances were injected into the third ventricle, and that they were no longer obtainable with other methods of administration when the hypothalamus was destroyed or sympathectomy performed. Cushing (63, 64 1932 ), carried out a long series of experiments on the intraventricular injection of drugs in patients with striking results. Pituitrin produced markedparasympatheticeffects-flushing, sweating, vomiting, etc. with fall in body temperature and basal metabolic rate, but little if any change in blood pressure. These were decidedly different from effects produced by subcutaneous or intravenous administration. Pilocarpine gave similar results. Patients with hypothalamic involvement due to tumors failed to react, and the effects mentioned could be prevented by giving atropin or avertin. Similar effects, with more marked fall in blood pressure, but with slight fall in body temperature were noted by Light and Bysshe {234, 1933) . In rabbits (Light, Bishop and Kendall 233, 1933) pilocarpine given intraventricularly induced a mixture of sympathetic and parasympathetic responses. Although Cushing was unable to demonstrate an antipyretic effect of pituitrin in lower animals, he postulated a possible parasympathetic center concerned in such a function in the walls of the third ventricle. Bouckaert {28 1 1934) observed that the injection of posterior lobe extract into the cerebrospinal fluid produced elevation of blood pressure everywhere in the body except in a denervated limb, postulating a central pressor action for the drug.
Dikshit (73, 1934) found.cardiac irregularities appeared following injection of acetylcholine into the lateral and third ventricle. Large doses produced arrest of respiration. Either a rise or fall in blood pressure was noted. The effect was believed to be upon the hypothalamus. The application of acetylcholine directly to the cut surface of the brain elicited no effects. It is also of interest that intraventricular administration of 0.1 to 0.5 gamma of acetylcholine produced a sleep-like state. Pilocarpine, on the other hand, caused excitation. Henderson and Wilson {144, 1936) injected acetylcholine into the lateral ventricle in man, noting vomiting, defecation, urination, sweating, with no change in blood pressure, but slight slowing of the heart, and little change in temperature. In some cases there was a tendency to sleep. The doses required were less than the intravenous dose. Eserine produced similar effects, and in view of the known protective action of this substance against the cholinesterase the author suggested they were due to accumulation of naturally occurring acetylcholine in the brain. Atropine counteracted the influences of these drugs. The effect must be central for in one case sweating did not occur in a limb which had been sympathectomized, but the authors remarked that these cholinergic effects were not necessarily due to stimulation of a center in the upper part of the brain. Silver and Morton {347, 1936) injected 2 to 4 gamma of acetylcholine directly into the hypothalamic region in cats, observing a small rise in blood pressure followed by a sharp fall of 20 to 50 mm. of Hg lasting 1 to 1 minutes. Injection in the lateral ventricle gave similar but less consistent results, and in unanesthetized cats caused drowsiness. The reactions to acetylcholine thus far described have been largely parasympathetic. Suh, Wang, and Lim (364, 1936) , however, injected acetylcholine intracisternally or applied it directly to the floor of the fourth ventricle, observing elevation of blood pressure and augmentation of respiration due, according to these workers, to stimulation of an area in the region of the vestibular nuclei. The question arises whether localized centers should be hypothecated on the basis of intraventricular injection. The localization of effects in the hypothalamus from injection in the lateral ventricles is justified by certain workers on the basis of the time of appearance of responses compared with the time required for perfusion or circulation to lower centers. The difference in acetylcholine effects when administered intracisternally from those obtained by injection in the upper ventricle perhaps justifies this view. The question is made difficult, however, by the finding of Lafora that substances injected into the fourth ventricle passed quickly into the third ventricle (vide also Hamperl and Heller IJO, 1933) . The matter of suitable dosages has received relatively little attention. In the opinion of the present writer, however, these methods do not justify too closely drawn conclusions, especially when more direct and accurate methods of study are available.
Nevertheless, the evidence cited here has led the various authors to the conclusion that autonomic centers do exist in the hypothalamus. We must now consider some interesting work which led its authors to different conclusions. Van Bogaert and his co-workers (3/7, 1936) confirmed the usual findings as to electrical stimulation, using changes in arterial tension as criteria. However, he believed that chemical means of stimulation (chiefly direct application of concentrated ammonia) offered better localization. From a retro-hypophyseal area he obtained vasoconstriction, adrenin discharge causing hyperglycemia, fall in fatty acids of the blood and very slight elevation of blood calcium with concomitant lowering of blood potassium. Finding some intermingling of type responses, he could distinguish no specifically parasympathetic or orthosympathetic centers in this region. Surprisingly, in view of the work of Ranson, Kabat and Magoun, he found a depressor area in the lateral hypothalamus, the depression obtained here not being affected by vagotomy or atropine. In view of the latter fact, he suggests that there is no real vasodepressive path, but that this area merely suppresses the tone of bulbar depressor centers. Van Bogaert argues against the idea of regulatory centers in the hypothalamus for the following reasons: 1) very strong stimuli are required to give pressor effects; 2) the lack of specificity of stimuli because, a) adrenin injection in the hypothalamus had no effect on blood pressure, b) posterior lobe extract also had no effect, c) suboccipital injection of these substances does have effects which are not altered by removal of the hypothalamus, d) strong Ca and K solutions, ordinarily antagonistic, produce hypertonia only, with no depressor effect. He concludes that since the hypothalamus is insensitive to the effects of the hypophyseal hormones (in his opinion), and to specific chemical excitants of the para-and orthosympathetic systems, it does not contain cardio-and vaso-regulatory centers, but is only a place of passage for vegetative paths which probably come from higher levels. The effects themselves are mediated by bulbar centers, the tone of which is subject to augmentation or inhibition from above.
The suggestions of van Bogaert meet with serious opposition in the findings of Rioch and Brenner (323, 1938) , who found that stimulation of the. posterior hypothalamus in chronically decorticated cats gave results similar to those observed by Ranson and his co-workers.
These stimulations were carried out after sufficient time had elapsed for degeneration of fibers from the cortex. Inhibition of respirations and slowing of the heart, however, were not observed, which indicates that such responses may be due to stimulation of cortical efferent pathways. No parasympathetic center was demonstrated. Magoun {243, 1938) has reported almost identical findings in cats after removal of the frontal lobes, allowing several weeks for degeneration of corticifugal fibers. Here, also, only the vasodepressor and respiratory inhibitory -effects were depressed.
The work thus far cited constitutes evidence of two sorts for or against the hypothesis of hypothalamic autonomic regulatory centers. Other methods of investigation of the problem and the possible relation of the hypothalamus to certain specific functions remain to be considered.
The relation of the hypothalamus to peptic ulcer of the neurogenic type should be briefly discussed. Cushing (63, 1932) opened this question when he reported the occurrence of acute, perforating lesions of the esophagus, stomach and duodenum after operation for cerebellar tumor in three cases. He gives a good summary of previous work on the etiology of peptic ulcers, especially of neural factors involved, and postulated in such cases irritative interference with fiber tracts from a parasympathetic center in the hypothalamus to the vagal center, or paralysis of sympathetic fibers with vagal release. Numerous similar cases have been since described in the literature. Light, Bishop and Kendall (232, 1932) reported the production of gastric lesions in rabbits by the injection of pilocarpine into the cerebrospinal fluid. Fortunately, perforating lesions did not apparently follow Cushing's intraventricular injection experiments. Watts (20/, 202, 1936) and Keller and D'Amour (203, 1936) observed lesions of the stomach mucosa in dogs with hypothalamic lesions. Bilateral vagotomy in such animals prevented the appearance of craters, but hemorrhagic states occurred. On the other hand, abdominal sympathectomy prevented hemorrhages but did not keep craters from forming. Keller suggests that these results may have been due to direct traumatic effects of the lesions or else to more remote irritation due to contamination of the cerebrospinal fluid with debris from the lesions. It is perhaps noteworthy that Keller's animals were kept under varying environmental conditions. Martin and Schnedorf (23:9, 1938 ) have recently criticized the foregoing work and have studied the effects of a wide range of hypothalamic lesions in numerous cats and monkeys, but found no postoperative changes in gastric motility or secretion and no signs of ulceration or erosion. The writer has found no significant evidence of gastro-intestinal lesions in some hundreds of animals with hypothalamic lesions. The reason for variations in results is not yet clear.
The hypothalamus, temperature regulation and energy metabolism: It will not be possible to cover all the literature regarding the central neural regulation of the body temperature. In the older works, the participation of higher neural mechanisms was known and functions allocated to the diencephalon and corpus striatum (Ott 283, 1891, Aronsohn and Sachs 5,1884). Although clinically it has been shown that patients with cervical spinal cord transsections may recover a degree of temperature control, and although cases with diencephalic injury have been reported without temperature disturbances the idea of a higher regulatory mechanism still persists. The participation of the autonomic system in this function is shown by the fact that sympathectomized animals are somewhat deficient in heat control (Sawyer and Schlossberg 336, 1933) , but in these animals somatic heat regulatory mechanisms (shivering and panting) persist.
B arbour (9, 1912 ) demonstrated shifts in body temperature upon warming and cooling the brain, but did not attain very definite localization, believing the crucial point to be the caudate nucleus. Isenschmid and Krehl (/7J, 1912) observed that removal of the forebrain and diencephalon caused complete loss of heat regulation in rabbits. Leschke (220, 1913) produced poikilothermic rabbits by stab wounds in the hypothalamus, and Isenschmid and Schnitzler (177, 1914) on the basis of experimental lesions located a regulatory center in the caudal part of the hypothalamus near the ventral surface, extending laterally about 3 mm.-a degree of localization which has hardly been excelled by more recent methods. The hyperthermia produced by irritative lesions (Warmestich) of the hypothalamus was linked with the autonomic nervous system by Freund (96, 1913 ) who found such effects abolished by vagotomy and cervical cord section. The work of B arbour was confirmed by Prince and Hahn (306, 1918) , who showed that peripheral vasoconstriction and vasodilatation were connected with the regulatory mechanism. Sachs and Green (331, 1917) , Moore (275, 1918) and Kornblum {212, 1925) , on the other hand, did not confirm the existence of heat centers in the brain.
The incapacity of decerebrate animals to maintain normal body temperature at room temperature has been discussed by Bazett and Penfield (fj, 1922) and Bazett (16, 1932) 
Frazier, Alpers and Lewy (95, 1936) , placing lesions in various parts of the hypothalamus, localized the heat regulatory center in the region of the anterior hypothalamic nuclei, but they presented only a few cases which did not survive long. Teague and Ranson (36/, 1936) , on the other hand, showed that cats with lesions in the rostral portion maintain normal temperatures ordinarily but do not when the environmental temperature is raised. These workers suggest the existence of two centers, one for adjustment to high temperatures and one for low (cf. Bazett, Alpers and Erb 17, 1933). After producing bilateral hypothalamic lesions, Ranson, Fisher and Ingram {314, 1937) observed transient hyperthermia or prolonged hypothermia; the latter occurred if the lesion involved the lateral hypothalamic areas at the level of the mammillary bodies. The hypothermia usually disappeared after some weeks, but even though such monkeys maintained normal temperatures under ordinary conditions, they could not react normally to unusually high or low room temperatures. Except for their relative lateral position, the lesions in these animals conformed closely as to level with those described in a hypothermic human case by Alpers {2, l 93S)-The findings of Teague and Ranson and the idea of a double center were thus supported. Since the caudally placed lesions produced loss of ability to compensate for high as well as low temperatures interruption of descending pathways was presumed.
As has been intimated, some authorities do not agree that removal of the hypothalamus permanently abolishes temperature regulation, but hold that other centers for such function exist. Dworkin (79, 1930) , 1933) agree that midbrain rabbits have no temperature control; however, after transsection caudal to the colliculi their animals regained normal or showed high temperatures. They suggest two centers-one in the hypothalamus the loss of which causes low body temperatures, and one in the midbrain, the loss of which causes high temperatures. Keller (200, 1933) and Keller and Hare (205, 1932) reported that midbrain cats may regain a measure of temperature control in time, but that pontine preparations (transsection at rostral border of pons) have no control at all. The midbrain preparations reacted to high room temperatures (panting) but not to low. Such experiments, together with a study of effects of hypothalamic lesions led Keller to hypothecate a mechanism in the dorsal part of the hypothalamus concerned in heat production, and another in the midbrain related to heat loss. This conception hardly fits with that of Ranson and his co-workers. Thauer (3/0, 1935) is an outstanding opponent of the concept of a heat regulatory center the loss of which is irreparable. He maintains that while rabbits become "thermolabile" for a few days after cervical spinal cord section, they soon regain normal control even under extreme condition's. This replacement mechanism he believes to be a peripheral one. More recently, Thauer and Peters (369, 1937) report that the hypothermia and thermolability resulting from removal of the hypothalamus in rabbits is transient; after 10 to 14 days such an animal can maintain a normal temperature. Spontaneous fever was observed in two such rabbits, and in one injection of Pyriferin induced artificial fever. It is difficult to reconcile all these findings, many of which are diametrically opposed. Confirmation of Thauer's work in the same and different species is needed, with more work on temperature control mechanisms below the diencephalon. The evidence for a heat regulatory mechanism of the highest importance in the hypothalamus is, however, quite generally accepted. Unfortunately its exact localization is not known, at least in terms of cell groups. A fair degree of general spatial localization has been worked out by Isenschmid, Ranson and others.
The mode of activation of the heat control apparatus is generally held to be change in the temperature of the circulating blood. By its position the hypothalamus is well shielded from the influence of external temperature changes. Serota and Gerard {345, 1938) Hasama {134, 1929) , using electrical, mechanical and thermal stimulation, mapped a sweat secretion zone in the cat extending from the mammillary bodies upward to 4 mm. rostral of the chiasm, and from the midline 4 mm. lateral. Warm stimuli produced profuse sweating, cold stimuli, slight sweating. The effect of the former was abolished with atropine, of the latter with ergotamine. He postulated therefore two sorts of sweat secretion, aroused a) by a parasympathetic mechanism activated by warm stimuli; and b) by a sympathetic mechanism activated by cold stimuli. He also observed that shifts to the acid side of the pH of fluid bathing the hypothalamus stimulated sweat secretion.
Some of the work on the effects of drugs and toxins must be mentioned, although no real attempt at a discussion of the sites of action of pyretic and antipyretic substances will be made. Freund and Strasmann (97, 1912) reported that no experimental fever could be produced after cervical cord transsection. Isenschmid(/7<5,i9i3)observed that Antipyrine had no effect in rabbits deprived of heat control mechanism, whereas sodium salicylate, quinine and morphine produced temperature changes by peripheral action. Hashimoto (757, 138, 1915) reported that the increased temperature following intracerebral administration of horse serum in sensitized rabbits does not appear after destruction of the heat center. B-tetrahydronaphthylamine also had no effect in such rabbits. Direct heating or cooling the brain by Barbour's method had no effect upon artificial fevers produced by the latter, adrenin or ephedrine. The opposite is true in fevers caused by typhus bacilli or in anaphylactic fevers. The antipyretic action of Antipyrine and sodium salicylate was reinforced by warm stimuli, opposed by cold. An interesting suggestion resulted from heating and cooling opposite sides of the brain simultaneously. It seemed the reaction of the body temperature took place only according to the type of stimuli applied on the left side. Hashimoto therefore made the suggestion, which has not been well received, that the left side was dominant. Solari (352, 1931) found the pyretic effects of B-tetrahydronaphthylamine and colon bacilli persisted after tuber lesions in dogs. Kym (2/6, 1934) on the other hand claims that the occurrence of fevers produced by such substances is hindered by injection of CaCl 2 solution into the hypothalamus. Pinkston (303, 1935) noted delay in the febrile reaction to typhoid-paratyphoid vaccine in sympathectomized cats. Ranson, Jr. (313, 1938 ) studied carefully the effect of intravenous injection of typhoidparatyphoid vaccine in cats, and noted a cyclic effect in which there was a rise in temperature followed by a fall through three successive peaks. During the rise, the activation of the heat production and retention mechanisms was accompanied by sympathetic signs; during the fall, with heat loss, there were parasympathetic signs. Under abnormal conditions, as anesthesia, the heat loss mechanism only may be activated, with resulting fall in temperature and signs of parasympathetic activity. The same is said to be true in cats with certain hypothalamic lesions, but full details are not yet available. These findings should be compared with those of Hasama regarding the sweating mechanism. Such a dissociation of mechanisms for heating and cooling fits in well with the findings of Ranson and his associates. Morgan (2//, 1938) reports finding chromatolysis in the tubero-mammillary, paraventricular and supraopnc nuclei after experimental fever produced by injection of typhoid or bronchisepticus toxin.
Raab (30/, 1926) has suggested an analogy between the nervous control of chemical heat regulation and that of fat metabolism, since in his experience "warmestich" caused a fall in blood fat similar to that caused by pituitrin (cf. van Bogaert j>7<5, 1935). The effect of pituitrin in lowering blood fat, according to Raab, depends upon the integrity of the tuber cinereum. Injection of antipyretics abolished this reaction to pituitrin. Such experiments, linking temperature control to fat metabolism have not been confirmed by other workers so far as the presentwriter knows.
Little research has been done with reference to any relation between the hypothalamus and the general energy metabolism, and no really systematic studies have been carried out so far as the effects of lesions or stimulation are concerned. Cushing {63, 64, 1932) observed lowered basal metabolic rates in patients receiving pituitrin intraventricularly. Grafe has not yet been determined whether dysfunction of one or the other exists-or if it is dysfunction of both. Clinically, evidence can be cited to prove either side of the argument. Smith {350,1930) , who produced enormous adiposity in rats by injection of chromic acid into the sella turcica, was inclined to place the blame upon the hypothalamus rather than the hypophysis, but no anatomical findings were presented. Camus and Roussy (^5, 1922), Bailey and Bremer (8, 1921) , and others have reported adiposity in dogs with tuber lesions. On the other hand, Rahson, Ingram and associates have observed no adiposi ty in some hundreds of cats with various sorts of hypothalamic lesions, and only one monkey out of forty-odd became obese. The lesions in this case were no different than those of other monkeys. This animal, surprisingly, matured sexually very suddenly and possibly precociously, and the normality of the anterior lobe of the hypophysis could not be ascertained with certainty. The whole question of the hypothalamichypophyseal system and adiposity remains open for further study.
A possible relationship between the hypothalamus and the thyroid, which naturally implies metabolic function, has been suggested by Fenz (86, 1937) who reported that barbituric acid derivatives, which are supposed by some to act by way of the hypothalamus, are of therapeutic value in treating cases of exophthalmic goiter, reducing the B.M.R., slowing the pulse, increasing insulin sensitivity and modifying the psychic manifestations, in some instances permanently. Since there appeared to be a fall in blood iodine upon such treatment, a depression of thyroxin production by suppression of a thyroid secretion center in the diencephalon was suggested. It was also proposed that the action of produced thyroxin was depressed by similar suppression of diencephalic centers through which it has part of its action. Hoff, Gentzen and Klemm (757, 1937) confirmed such an action of these drugs in certain thyrotoxicoses but found the effect a transient one. They found Prominal administration in animals to have no effect upon the histological structure of the thyroid although it caused the elevated B.M.R. of guinea pigs receiving thyroxin or thyrotropic hormone to fall sharply. Furthermore, it did not prevent the histological change in the thyroid due to activation of the latter by thyrotropic hormone. They believe, therefore, that while thyroxin undoubtedly acts directly upon a tissue substrate, it also produces part of its effects via an autonomic metabolism center. It is upon the latter that the Prominal acts. In Basedow's disease this center may be hyperirritable, along with the one controlling the production of thyrotropic hormone by the hypophysis. More experimental work along these interesting lines is needed.
The hypothalamus and water and mineral metabolism: The question of the participation of the hypothalamus in the control of water balance brings in a dual consideration, for the hypophysis is also undoubtedly related to this mechanism. We have, therefore, for consideration a perfect example of diencephalo-hypophyseal activity, in which also we will find the only well established localization of a function in a specific cell group. The clinical syndrome of diabetes insipidus first directed attention to this matter and much of our information has come from the clinical and experimental study of this condition. The literature on dia-betes insipidus has been reviewed by Leschke {221, 223, 1919 Leschke {221, 223, , 1933 Meyer  (266,1926) , Staemmler {338,1932) and recently a large amount of the work has been reviewed analytically by Fisher, Ingram, and Ranson (91, 1938) .
A participation of the posterior lobe of the hypophysis in control of water output was indicated when von der Velden {382, 1913) and Farini (83, 1913 ) discovered that its extracts had antidiuretic influence in diabetes insipidus. Pathological evidence also indicated involvement of this structure in the disease. On the other hand, an equal volume of pathological data indicated that structural disturbances in the hypothalamus only were involved, and the effect of posterior lobe extract was considered by many to be a purely pharmacologic one (cf. Geiling 107, 1935) . The experimental findings of Camus and Roussy (42,4.3,1913,1922) of Bailey and Bremer (8, 1921) and others also indicated a hypothalamic mechanism. One difficulty in accepting the idea of a hypophyseal function in water metabolism was that totally hypophysectomized animals or patients with complete destruction of the hypophysis usually did not show permanent polyuria.'Von Hann (383, 1918) suggested that possibly polyuria occurred in the absence of the posterior lobe only provided the anterior lobe remained. Sato (333,1928) andTrendelenburg and Sato (373, 1928) advanced evidence to show that the tuber cinereum and hypophyseal remnants (pars tuberalis) took over the function of producing antidiuretic substances in the absence of the hypophysis. An inkling of new light to come appeared in 1924, when Kary (197) rediscovered the supraoptico-hypophyseal tract and pointed out that the supraoptic nucleus may be degenerated in diabetes insipidus. This finding was confirmed by Kiyono (208, 1925) in a clinical case, and experimentally by Maiman (231, 1930) . Broers (30, 1932) reported the occurrence of diabetes insipidus in dogs after bilateral destruction of the supraoptic nuclei or a lesion of the stalk producing atrophy of the former. Richter (j/p, 1934) found that permanent polyuri a folio wed pos teri or lo be removal in rats, provided some anterior lobe function was present. This was later confirmed by Pencharz, Hopper and Rynearson (2go, 1936) . Richter (320, 1935 ) also presented convincing evidence that the polyuria, and not the concomitant polydipsia, was primary. Beginning in 1935 Fisher, Ingram and Ranson published a series of papers dealing with experimental polyuria as studied in a very large series of cats and some monkeys. It was found that permanent polyuria follows the production of lesions limited to the hypothalamus provided the lesions interrupted the supraoptico-hypophyseal tract. Histological studies indicated that after such intervention there was atrophy not only of the supraoptic nuclei, but of the pars nervosa of the pituitary, with disappearance of the so-called pituicytes. It was also found that such atrophic glands were lacking in the antidiuretic, pressor and oxytocic principles (Fisher and Ingram 89, 1936) . The melanophore-expanding principle remained present (Fisher 90, 1937) and was associated with the pars intermedia, which is apparently not under any nervous influence from the hypothalamus. Similar lesions in monkeys also produced diabetes insipidus (Ingram, Fisher and Ranson 169, 1936) . A latent period of some days intervenes between operation and onset of the permanent polyuria, presumably time required for degeneration of secreting elements. Direct removal of the posterior lobe in cats was likewise effective (Ingram and Fisher 167, 6 )> provided not only the infundibu-lar process but also the stalk and median eminence were removed, since the latter also produce antidiuretic substance. Biggart (24, 25, 1935 Biggart (24, 25, , 1936 Rasmussen (j/7, 1937 ) and the unpublished results of Magoun {244), who found that stalk section in monkeys not only produced polyuria, but also atrophy of the supraoptic nuclei and of the pars nervosa. It is of interest that Morawski (2/6) in 1911 described posterior lobe atrophy after stalk section in monkeys.
Although the above is by no means a complete summary of the various data, the weight of evidence now indicates that the hypothalamus must exert an influence upon the output and thus indirectly upon the intake of water by the body, since in the absence of functional nervous connection between the hypothalamus and the pars nervosa, excretion of water by the kidney becomes relatively unrestrained. The final controlling influence seems to be a hormonal one. The mode of action of the posterior lobe hormone can hardly be discussed here, but it is quite generally accepted as a direct influence upon the kidney ( (265, 1927) postulate the existence of a water center in the brain which regulates the water content of the tissues; when uninhibited this center permits passage of water into the blood and thence through the kidneys; upon this water center posterior lobe hormone acts, since injury to the hypothalamus and the use of certain drugs prevents such action of the hormone. This work has been repeated by Theobald {371,1934) , who denies the validity of its conclusions. Biggart (26, 1937) believes that certain cases of diabetes insipidus fail to respond to pituitrin because of destruction of cell groups in the tuber cinereum upon which the antidiuretic substance may act. In Fisher, Ingram and Ranson's series, however, tuberal damage did not prevent the action of pituitrin.
The question arises: is the innerva-tion of the posterior lobe through the hypothalamus purely a trophic one or does it offer opportunity for regulating the activity of the former so as to meet the needs of the body. In other words, is there a reflex-hormonal or humoral-reflex-hormonal mechanism for regulating water excretion by the kidney? Several attempts have been made to answer this question. Marx (260, 1935) reported that injection of certain substances into the ventricles of dogs with denervated kidneys produced antidiuresis. Theobald and Verney (372, 1935) , Verney {380, 1936) and Rydin and Verney (330, 1938) found that water diuresis may be inhibited by pain and fear. Since such results were obtained in animals with denervated kidneys they postulate a neural influence causing the hypophysis to produce antidiuretic substance. Hoff and Wermer (755, IJ6, 1928) reported that psychic influences as well as administration of diuretic substances caused the appearance of antidiuretic substance in the cerebrospinal fluid; the validity of the analytical determination of such material in body fluids, however, has been questioned (Van Dyke, Bailey and Bucy 3/8, 1929; Simon 34.8, 1933, et al.) . Pickford (297, 1936) , on the basis of indirect evidence derived from water load experiments, suggested that at high water loads the secretion of antidiuretic substance is reduced. Chang, Chi a, Hsu and Lim 50, (385, 1938) , however, did not confirm Gilman and Goodman's findings. Gilman and Goodman interpret their results as showing that the antidiuretic substance is secreted in amounts varying with the need for water conservation. These results are important if they actually demonstrate a neuro-humoral reflex mechanism acting through the hypothalamus. Boylston and Ivy and Ingram, Ladd and Benbow are as yet unwilling, however, to identify positively the antidiuretic substance observed in the urine with pitressin. Unknown toxic substances may appear in urine and may have similar effects.
It is of interest and importance in this connection to note that Gersh (/op, 1937) has reported the existence of granule-containing "glandular" cells in the posterior lobe, and has observed nerve endings in relation to these cells. The size and number of such cells in rats varies with water intake, increasing in dehydration; they degenerate when the nerve fibers of the stalk are cut. This histological evidence would seem to support the work of Gilman and Goodman. Further work may elucidate this mechanism further.
The consideration of water exchange brings that of mineral substances into question. So far as. the relation of salt excretion to diabetes insipidus and the neural regulation of the former are concerned the experimental and clinical data vary. Leschke {221, 1919) found that in diabetes insipidus ingested NaCl was quantitatively excreted in the same time as in normal individuals, but only by an increased urine flow, not by concentration of the urine. Later (223, 1933) on the basis of experimental punctures of the hypothalamus he reported variable results, but considered water and salt metabolism to be independent of one another. Bailey and Bremer (8, 1921) , found that ingestion of excess salt by dogs increased the urine volume and that the salt was excreted more rapidly than normal. Veil (3/9, 1923) and Meyer (266, 192.6) postulate two types of diabetes insipidus: hyperchloremic and hypochloremic (or normochloremic) types, the first of which alone responds to pituitrin. In the first type, Meyer found that deprivation of fluid resulted in very little elevation of the serum NaCl in spite of concentration of the blood; the same is true after bloodletting and it was suggested that the fluid flowing from the tissues into the blood under such circumstances was hypotonic. The relatively rare hypochloremic types were unable to concentrate the urine when added salt was ingested. In the latter cases there seems to be purely renal disturbance; differences in pathology have not been clearly stated. Weir, Larson and Rowntree (jpj, 1922) observed that treatment of diabetes insipidus with pituitrin causes lowering of the chloride content of the blood and a diminished output of chloride in the urine. Hachen (126, 1923) found a very marked fall in blood chloride upon pituitrin administration in his case. In normal animals and patients without diabetes insipidus, the administration of pituitrin has been found to increase the excretion of Na and Cl (Fromherz 98, 1923, Stehle and Bourne j6i, 1925) . The potassium output is also said to be accelerated-to a degree even greater than that of sodium (Stehle 360,  83, 1933) . In Peters' opinion (295, 1935) there is a constant washing out of small quantities of NaCl from the blood in diabetes insipidus-this is so slight as to be detectable only upon treatment. Karlson and Norberg {186, 1936) expressed dissatisfaction with the classification of diabetes insipidus cases and with previous blood salt studies upon such patients. In their case they noted lack of normal ability to concentrate the urine when excess salt was fed, but noted no change in the blood chloride when fluid was withheld and little elevation of it after salt feeding. Debr6, Marie, Nachmansohn and Bernard (69, 1936) also found a deficiency in concentrating ability which was restored to normal with pituitrin therapy. Smith and MacKay (349, 1936) found no increase in NaCl excretion after pituitrin administration in diabetes insipidus, nor did the sodium balance become negative, as has been reported fo.r normal individuals (Engel, MacQuarrie and Ziegler). The potassium balance also remained positive. Molner and Gruber (274, 1934) observed various disturbances in salt exchange in cases with differing types of brain lesions; their results are difficult to evaluate.
From experimental work, Fujimoto (99, 1932) reported diminished urine chloride after posterior lobe injury. Tsukuda {374, 1933) found that inhibi-tion of transient polyuria in rabbits by pituitrin injection caused a fall in NaCl output. Broers (30, 1932) believed experimental diabetes insipidus to be primarily due to disturbance in salt metabolism, especially of the K and Cl content of the tissues. Sumwalt, Erb and Bazett (363, 1935) found reduced chloride excretion after decerebration. Evidence that the posterior lobe and hence presumably the hypothalamus are concerned in salt metabolism has also been offered by Winter, Gross and Ingram (jpy, 1938) , who found that while cats with diabetes insipidus had a relatively very short survival time after double adrenalectomy, the serum sodium and chloride remained approximately normal. The blood potassium rose markedly, however. It is well known that serum Na and Cl fall in adrenal insufficiency in normal animals. The same workers have found (unpublished results) that after adrenalectomy in animals in which diabetes insipidus is under control with pitressin the normal blood changes are present and the survival time is prolonged to meet the normal average.
The evidence certainly implies a participation by the hypo thai ami co-hypophyseal system in salt metabolism. This is presumably a neuro-hormonal influence. Whether or not there is any direct nervous influence upon the tissues in this respect is not clear. Exact elucidation of the finer mechanisms involved is a matter of hope for the future.
The hypothalamus and carbohydrate metabolism: Endocrine factors in carbohydrate metabolism of course deserve, and have received the most attention from investigators of this fascinating subject, especially since the work of Houssay on the hypophysis and Long and Lukens on the adrenal. The r61e of the nervous system should not be overlooked, however, as there is some possibility that certain of the glands of internal secretion concerned in these processes, not to exclude the liver, may be under a certain degree of nervous control. It is not necessary here to discuss the hyperglycemic effects of piqure of the brain stem or of decerebration. We will confine our attention to the hypothalamus. Aschner (6) in 1912 reported that injury to the tubercinereum could produce glycosuria. Weed, Cushing and Jacobson {392, 1913) observed glycosuria after puncture of the hypothalamus, and observed that stimulation of the superior cervical ganglion was followed by glycosuria. The latter result has recently been confirmed by Davis, Cleveland and Ingram (67,1935) who, surprisingly enough, noted that this response was abolished by certain lesions of the hypothalamus. Tendency to hypoglycemia following production of bilateral lesions in the chiasmal region was reported by D'Amour and Keller (66, 1933) . Similar tendencies were noted in 10 out of 55 cats with hypothalamic lesions by Barris and Ingram; in nearly all the lesions were suprachiasmal and tuberal. The writer has since seen several cats with such lesions which showed spontaneous hypoglycemic convulsive crises which were relieved by administration of glucose or anterior lobe extract. Houssay (161, 1931) , however, is emphatic in his statement that hypothalamic lesions are not accompanied by hypoglycemia.
The famous Houssay experiment needs no mention except to state that while hypophysectomy in dogs was found to ameliorate pancreatic diabetes, lesions of the tuber did not. In frogs, however, such lesions did ameliorate diabetes. This was explained as due to an inhibitory action on the pituitary, presumably via the hypothalamico-hypophyseal tract, and presumably due to irritation. Houssay further reported that tuber lesions did not interfere with the blood sugar-raising effect of extracts of the anterior lobe. It is of interest, on the other hand, that Cleveland and Davis (54, 1936) report that certain hypothalamic lesions in cats do ameliorate the diabetes which ordinarily follows pancreatectomy, and that Ingram and Barris {165, 1936) found evidence that some such lesions may interfere with the action ofhypophyseal extracts. Lucke and his coworkers {239, 1934) have, of course, held firmly to the suggestion that these substances act through the central nervous system, but Houssay has controverted nearly all of their findings. The question of the suitability or of differences in location of hypothalamic lesions reported by different workers makes a verdict difficult. Other controversial matters enter, also. That some, at least, of the hypophyseal hormones find their way to a site of action in the hypothalamus has been held by a number of workers since the time of Herring (145, 1908 ) (cf. Cushing 63, 64, 1932) . The possible routes are numerous-via tissue spaces, vessels about the stalk, general circulation, cerebrospinal fluid, etc. A hypophyseal portal system as described by Popa and Fielding (joj, 1930) was an interesting possibility, but Wislocki (398, 1937) has not been entirely able to confirm the existence of such a system and argues convincingly that flow of blood in such a portal connection takes place from stalk to hypophysis rather than the reverse. Kylin [215, 1935) , however, reports finding hyperglycemia-producing substances in the cerebrospinal fluid of hypertensive patients. Pighini (299, 1935) has found gonadotropic substances in the hypothalamus, presumably deposited there by the pituitary. Collin, Drouet, Watrin and Florentin (57) *93 J ) claimed that hypoglycemia causes hypersecretion of colloid by the glandular hypophysis and that such colloid is transported to the hypothalamus. Supposed colloid and hyaline bodies in the hypophysis have been said by Gersh and Tarr (no, 1935) to be artefacts, although there is no doubt that masses of colloidal material can accumulate in meningeal spaces after injury to the hypophysis. As a sidelight, Scharrer (33/, 1933) , Scharrer and Gaupp (338, 1933) , Gaupp (106, 1935) , Peters (294, 1935) , Roussy and Mosinger (328, 1934) believe that the hypothalamus contains neurons capable of producing their own hormones; the evidence is largely cytological and no significance has yet been attached to such secretory capacity.
Some recent work indicates that certain lesions in the hypothalamus may produce a condition resembling somewhat that found in hypophysectomized animals. This includes hypersensitivity to insulin and decreased sensitivity to the hyperglycemic effect of adrenin (Ingram and Barris z6j, 1936) . It seems that such lesions, if fairly small and restricted must lie in the anterior hypothalamic region. In many cases they destroy or produce atrophy of the paraventricular nuclei, but the evidence implicating this structure is as yet equivocal. Determination of the exact location and mode of action of such lesions has not yet been accomplished. Do they produce partial suppression of-the pituitary by interfering with a nervous pathway to the latter? Do they influence a site of action of the hormones of the hypophysis? Or do they have a direct nervous effect on the viscera and body in general ? Insulin hypersensitivity has been undeniably produced by hypophysectomy, by adrenalectomy, by sympathectomy, by spinal cord lesions, and by hypothalamic lesions. We must investigate this matter further. Vonderahe 381,1937, etal.) . Stief and Tokay (363, 1932) found severe changes in the hypothalamus and elsewhere in the brain in insulin intoxication-these resembled pathological alterations found in other types of intoxication and were not specific for insulin.
The hypothalamus and reproduction:
Neural factors involved in ovulation and other reproductive functions have recently been discussed by Hinsey (fji, 1937) and Haterius (/^o, 1937) . These factors are closely linked with the anterior lobe of the hypophysis. It should be recalled that at one time it was undecided as to whether hypophysis or hypothalamus was most concerned with such matters as water exchange, gonadotropic activity, etc. That hypothalamic lesions may produce genital atrophy has often been suggested on the basis of experimental and clinical evidence. We need mention here only such older work as that of Aschner (6, 1912) , Camus and Roussy (43, 1920) and Bailey and Bremer (8, 1921) . The clinico-pathological evidence, while extensive, is often unsatisfactory, for some involvement of the pituitary has usually been indicated or implied. Recently, Cahane and Cahane (38, 1936) have reported that genital atrophy occurs in cats after lesions in the diencephalon. Since they found degenerative changes in the anterior lobe in such animals they suggested that the retrogression of the gonads was due to interruption of a nervous influence exerted upon the former by the hypothalamus. The present author {164, 1937) has studied the gonads and adrenals from a large number of cats with hypothalamic lesions which have in no way directly affected the hypophysis. The percentage of retrogressive changes in the gonads was small, in the adrenal still smaller. Cats with lesions in the anterior hypothalamus, frequently associated with diabetes insipidus, showed the highest percentage of atrophies. Those in the posterior portion, presumably interrupting a large part of the descending pathways from the hypothalamus were not associated with gonadal or adrenal atrophy. It is the author's opinion that although the anterior lobes in such cases appeared to be normal histologically, the glandular changes which appeared were probably due to anterior lobe suppression in spite of the fact that cats which were hypersensitive to insulin did not always have gonadal atrophy. How such suppression is brought about, unless by interference with the innervation of the gland, and why it does not occur more uniformly cannot be said at present. There is a possibility of some remote relationship between the lesions producing diabetes insipidus and the gonadotropic activity of the anterior lobe, because no estrus-type ovaries were found among those from animals of this type, even though many of the cats were killed during the breeding season. Such a relationship probably rarely exists in the idiopathic form of the disease in man. On the other hand, cats with other types of hypothalamic lesions have been observed to breed and bear young which were nursed and cared for adequately. Harris {132, 1937) observed genital atrophy after sectioning the pituitary stalk in rabbits. Hinsey (75/, 1937) reported similar results, but Brooks {32, 1938) found no significant change in the gonads after stalk section in his experiments. Section of the stalk must interfere to some extent, and for a time at least, with the blood supply of the gland.
Innervation of the anterior lobe, however, is not essential to the production of gonado tropic hormones, especially of the follicle-stimulating principle, since Schweitzer, Charipper and Haterius (344, 1937) noted continuous estrus in guinea pigs from which the hypophysis had been removed and hypophyseal transplants placed in the anterior eye chamber. The ovaries showed no mature follicles and the absence of cyclic activity in these animals was ascribed to failure of periodic release of luteinizing hormone (Haterius 140, 1937) .
The mechanisms involved in ovulation in animals which ovulate only after coitus has made an interesting problem which involves the hypothalamus and associated structures. Such animals include the ferret, the rabbit and the cat. Marshall and Verney (258, 1935) carried out stimulation of the brain through the skull in rabbits, with electrodes in the mouth and under the skin of the nape, using 30 volt, 50 cycle alternating current; this caused convulsions, but was followed by ovulation after 17-24 hours, and pseudopregnancy was a sequel. No localization was possible, and the possibility of direct stimulation of the hypophysis cannot be excluded. Presumably such stimulation led to the release of luteinizing hormone necessary for ovulation. Harris (132, 1937) applied electrical stimuli directly to the hypothalamusin the tuber cinereum and the posterior region not far from the red nucleus. The current used was a direct, pulsating type (vide Hess 147, 1932) , with a unipolar electrode in the brain. Ovulation followed such treatment if the doe were in heat, even, as in one case, if the superior cervical sympathetic ganglia were removed. Although it is difficult to exclude spread of current to the hypophysis, Harris believed the latter to be activated by way of a nervous pathway. Haterius and Derbyshire (/jp, 1937), Haterius {140, 1937), also used intracephalic stimulation, with bipolar needles and faradic current, and were able to limit the amount of spread definitely. Ovulation was induced by stimulation of a seemingly definite area in the preoptic and septal region, although precise data as to localizaton are not yet available. It is hard to account for the differences in localization found by Harris and by Haterius, except on the basis of spread of current in one or the other instance. Motor responses accompanying stimulation were flexor rigidity of the hind limbs and pelvis, shortening of the trunk and elevation of the tail,-this was uniform, but was said to have no probable functional relationship to ovulation. Action potentials led off from the area in question showed definitely increased activity when olfactory stimuli were applied. In this connection, Rosen and Shelesnyak {324,1937 ) induced pseudopregnancy, with ovarian luteinization, by irritation of the nasal mucosa with silver nitrate in rats. In neither Harris' nor Haterius' experiments were the effects of stimulation studied after section of the pituitary stalk. The work of Brooks (32, 1938 ) is of importance in this connection. This worker found that while cervical sympathectomy did not prevent normal ovulation in response to coitus, section of the pituitary stalk did, in spite of the fact that the rabbits mated frequently. Incomplete section of the stalk failed to prevent ovulation. It was said that disturbance of the blood supply to the hypophysis was not of a nature to prevent reproductive function, and the rabbits remained in normal condition without changes, such as hypoglycemia or increased sensitivity to insulin, which would indicate anterior lobe deficiency. Injection of pituitrin, adrenalin andmecholin failed to produce ovulation, indicating that a direct nervous influence and not a humoral mechanism is involved. Brooks also was able to identify nerve fibers in the anterior lobe of normal rabbits; such fibers could not be found in glands the stalks of which had been cut. According to Brooks some doubt still exists, however, as to whether cutting the infundibulum might prevent the passage of some chemical excitant from the hypothalamus to the anterior lobe. This question may be answered by the production of intrahypothalamic lesions interrupting hypothalamico-hypophyseal nerve connections without disturbing the circulation of the gland. Possibly in the rabbit such lesions would not prevent the onset of estrus which must be present in order for ovulation to occur. In the writer's experience, cats with lesions interrupting the hypothalamico-hypophyseal connections have not been observed to enter estrus. Perhaps an artificial estrus could be induced, making such preparations suitable for experimentation. It is of interest that Foster, Haney and Hisaw (94, 1934) prevented ovulation in the rabbit with atropin.
We thus have strong evidence that certain elements of reproductive activity are associated with nervous mechanisms related to the hypothalamus, preoptic area and hypophysis. There is also some evidence that such mechanisms are concerned with parturition in some animal forms at least. Ingram and Fisher {168, 1937) (291, 1933) failed to find that removal of the posterior lobe interfered with parturition; anatomical evidence of complete removal was, however, inadequate. Keller and Hamilton (204, 1937) found that dogs bred and whelped normally after stalk section-only one of these animals had a moderate diabetes insipidus. Women with diabetes insipidus are said to have no unusual difficulty in parturition. However, two recent cases (Soule 353, 1937; Greene and Gibson 7/5, 1938) were under effective treatment with posterior lobe powder, which may have replaced any posterior lobe deficiency. While there has hitherto been no real evidence to show that the oxytocic factor of the posterior lobe secretions plays an essential part in normal parturition, the difficulty ex-perienced by cats wtih atrophic posterior lobes, associated with the fact that such glands are deficient in oxytocic principle (Fisher and Ingram 8g, 1936) has led Fisher, Magoun and Ranson to suggest that this hormone is necessary in some animals at least. The present writer has been able to induce parturition and carry it through with nearly normal celerity in one cat with marked diabetes insipidus by the use of obstetrical pituitrin, but many more such experiments are needed, with the establishment of adequate controls, to make the finding significant. One must accept these observations on polyuric cats with some reservation pending further studies to establish the normalcy of ovarian function in such animals.
The hypothalamus, behavior and sleep:
It has been pointed out by Ranson (312 1936) and others that the responses to direct stimulation of the hypothalamus are of a nature which if observed in normal waking cats would be associated with anger, fear or some such emotion. These responses, including pupillary dilatation, erection of hair, sweating, elevation of blood pressure, cessation of intestinal movements, elevation of blood sugar are all of a so-called "affective nature" which in the normal animal would occur along with motor activity of a definite type-struggling, clawing, biting, etc. The hypothalamus may be concerned with integration of the sympathetic phases of response to stimuli tending to produce behavior of an emotional type. While emotional behavior may be considered in higher animal types to be the result of definite psychic reactions and interpretations of sensations, it should not be forgotten that emotional types of behavior appear in animals of very primitive cortical development. Rage and fear reactions are themselves primitive, are associated with mechanisms of self-defense and self-maintenance (capture of food), and may be well integrated despite the absence of a well developed neopallium. Behavior characteristic of rage ha -s been observed to be particularly unrestrained in decorticate animals such as those of Goltz (113, 1892) Rothman (S 2 Si I 9 2 3) a n d Dusser de Barenne (7$, 1919) and has been recently discussed in detail by Bard and Rioch (13, 1937) . Head and Holmes (14.1; found that in patients with interruption of cortico-thalamic connections ordinary sensations are overlaid with a sort of "feeling tone" associated with emotional reactions judged to be due to lack of cortical restraint. Cannon and Britton {$g, 1925) were responsible for utilizing cat preparations in which the brain stem was transected in the upper part of the diencephalon for the study of the visceral aspects of so-called pseudoaffective behavior. When subjected to physical restraint these animals displayed all the signs of blind rage. Because of the absence of cortical and presumably psychic elements this behavior was called "sham" rage. Bard (10, 11, 1928, 1930 ) made a detailed study of such preparations in the acute state and found that this condition occurred only when removal of the upper parts of the brain left the posterior portion of the hypothalamus intact. The intensity of the rage reaction was presumed to be due to loss of inhibitory activity ordinarily exerted by the cortex. Later study (Bard and Rioch 13, 1937) showed similar behavior in chronically decorticate cats, in which it could be elicited by relatively insignificant stimuli. This pseudoaffective behavior was not observed after transection caudal to the hypothalamus. Bard (n, 1930 ) points out differences between certain pseudoaffective elements in the reactions of decerebrate cats (Bazett and Penfield IS, 1922) , which are "isolated items of behavior", and sham rage of decorticate animals which "is astonishingly intense and possesses a width and energy of expression that makes it unmistakably the counterpart of intense fury in the normal animal". Fulton and Ingraham {101, 1929) observed chronic rage in cats with bilateral prechiasmal lesions. Keller (199, 1932) on the other hand reported that rage could readily be induced in cats after transection well down in the midbrain. On the basis of experiments such as have been described and of stimulation experiments, Ranson (312, 1936) concluded that the hypothalamus is the center for the integration of the visceral and somatic components of emotional expression. He was careful to point out that "this does not mean that rage and fear as conscious emotions are associated with the activity of the hypothalamus alone", and that it is "necessary to emphasize . . . the fundamental distinction between emotional expression as a type of reaction and emotional experience as a phase of consciousness". Further discussion of these matters has been given by Cannon {47, 1927) and Bard (12, 1934) .
Since such forms of behavior may be produced by release from cortical control or by direct stimulation of the hypothalamus the effects of lesions so placed as to interfere with the descending connections of the hypothalamus become of interest. Ingram, Barris and Ranson {166,1936) found that bilateral lesions in the caudal part of the hypothalamus produce a sort of catalepsy in cats. These animals are free of emotional reactivity and display a peculiar plastic type of muscle tonus so that they maintain for long periods bizarre induced postures, similar to those maintained by catatonic patients. As will be mentioned later, the early phases of this syndrome are associated with somnolence. The tonus changes are not improbably related to damage of the upper part of the midbrain, for while monkeys with similar hypothalamic lesions but less significant injury to the mesencephalic tegmentum show somnolence and loss of emotional reactivity they do not develop catalepsy. The emotional changes in hitherto wild monkeys (Ranson 312, 1936) were strikingthey became tame, their faces were blank and expressionless and showed, no fear or anger. A catalepsy somewhat similar to that described above has been observed to result from administration of bulbocapnine to animals such as the cat {see Ingram and Ranson IJ2, 1934, for references), and it is interesting that cats which have shown cataleptic behavior because of hypothalamic lesions are much more susceptible than normals to the "catatonizing" effects of this drug.
It is perhaps not without interest that the present writer has frequently seen marked changes in personality, if the term may be applied to animals, which give a picture the reverse of the cataleptic type already mentioned, in cats with hypothalamic lesions. Such animals, formerly tame and friendly, become' savage beasts which may or may not show fear. Some will attack a man with little hesitation. They snarl and crouch and resemble small tigers rather than the proverbially friendly tabby, and may lose the daintiness of habit characteristic of domestic cats. In these animals there is no injury to the cortex. Whether corticohypothalamic connections are disturbed has not been determined. The lesions are usually toward the rostral and medial portions of the hypothalamus, sparing the lateral portions. It may be recalled that it is the latter from which stimulation may elicit signs of emotional excitement. Cats with perfectly normal behavior may have strikingly similar lesions, however, which renders the localization problem difficult.
Further evidence of almost exclusively hypothalamic participation in these matters so far as the diencephalon is concerned, is shown by the effects of thalamic lesions in monkeys (Ranson 312, 1936) . These animals show little change in behavior and retain their capacity for emotional expression. Apparently extensive destruction in the dorsal thalamus need not produce symptoms of the sort associated with disturbances in the hypothalamus. Stimulation of the hypothalamus in unanesthetized cats has been carried out, as previously mentioned, by Kabat, Anson, Magoun and Ranson {182, 1935) , and more recently by Massermann {261, 1938) . The responses were typical of wild rage and fear. Massermann also observed sham rage in response to restraint in some cats with extensive hypothalamic destruction. Others showed apathy and lack of emotional response. Spontaneous emotional manifestations were observed only in cats with unilateral destruction.
It has been suggested that the hypothalamus may be related to epilepsy (Morgan and Johnson 279, 1930), and Kabat, Anson, Magoun and Ranson observed convulsive seizures in unanesthetized cats receiving strong electrical stimuli in the hypothalamus. Other instances of convulsions upon stimulation or irritation of the hypothalamus have been previously mentioned. It is a question whether these effects are localizable in the hypothalamus or are attributable to impingement upon more remote structures. Such experiments have been discussed by Wortis and Klenke (399, 1933) , who doubt the existence of a convulsion center. The present writer has never observed spontaneous fits in cats with a variety of hypothalamic lesions, aside from those connected with hypoglycemia. That vegetative disturbances of the sort associated with hypothalamic activity occur in epileptic seizures, however, is beyond question.
It has been stated that somnolence occurs in cats and monkeys with bilateral lesions in the caudal portions of the lateral hypothalamic areas. It is difficult to study somnolence in cats, but there was no doubt about the condition in monkeys (Ranson 312, 1936 , and observations in press). This sleep was reversible, since the animals could be awakened easily, but the period of wakefulness was short. The somnolent condition sometimes lasted for weeks. The lesions were of a sort calculated to sever the descending connections of the hypothalamus, but in no way did they interfere with the major sensory pathways to or within the thalamus, nor did purely thalamic lesions of wide extent cause somnolence, contrary to the findings of Spiegel and Inaba {336, 1927) . Furthermore, thalamic nuclei were not disturbed. As a result of these experiments Ranson suggests that the emotional drive furnished by the hypothalamus is an important factor in maintaining the waking state.
The clinical literature contains numerous references to somnolence associated with lesions of the diencephalon. Adler (/, 1924), Economo (8/, 1930 (255, 1921) , Parker (28/, 1923) , Pette (296, 1923) , Rowe (329, 1935) , Davison and Selby (68, 1935) , Souques, Baruk and Bertrand (354, 1926) Weisz (394, 1933) and others have made contributions to this subject. Attention was drawn to sleep as a symptom by Economo following the great epidemic of encephalitis lethargica. In studying the pathology of this disease Economo found lesions in the transition region between diencephalon and midbrain and postulated the existence there of a sleep center. The general literature on the cause and regulation of sleep is fairly voluminous. Besides a fair amount of clinico-pathological work and some experimental work, there has been a vast amount of armchair philosophy devoted to the matter. The oldest authorities such as Purkinje, considered sleep as due to a physiological interruption of afferent pathways at a central point, and Mauthner {263,1890) located this point in the central gray of the caudal part of the third ventricle and upper part of the aqueduct on the basis of pathological observations. Economo, however, has pointed out that while this area may be crucial, it has no connection with higher sensory areas. Also, sleep considered as merely due to shutting off extraneous stimuli brings out the inference that the normal state of the brain is sleeping-that waking is only brought about by exogenous or endogenous stimuli. The sleep of sucklings is an example. Kreidl and Herz (213, 1924) , found no difference in the sleep curves of normal and deaf and blind people. A wide variety of sleep theories exist. The idea of hypnotoxins in a pure sense is no longer widely held. That sleep is a matter primarily involving the cortex was proposed by Marburg {254, 1926), Pavlov {289, 1927), Lucksch {240, 1924), Nachmansohn {280, 1927) and others, although it is well known that decorticate animals sleep (Kleitman and Camille 209,1932) . Others, led by Economo, support the idea of a central sleep center which may or may not be directly related to the cortex. Such a center would possibly take the form of an active, primary regulatory mechanism, probably vegetative, or it may merely be a station for a sort of transformation or rearrangement of incoming impulses, according to some interpretations. The concept of a center regulating sleep is hard to controvert because of the frequency of diencephalic lesions associated with disturbances of sleep. Kleitman, however, does not think such a concept is essential. All the contributions about theories of sleep will not be discussed in this communication. The evidence from experimental as well as from pathological studies points to the existence of some mechanism associated with the vegetative areas of the diencephalon having to do with sleep.
It is necessary to mention the work of Hess {146, 1931), who was able to induce apparently normal, reversible sleep in unanesthetized cats by applying damped, pulsating direct current through electrodes fixed in the ventral part of the diencephalon and preoptic area. No definite localization of structures involved has been forthcoming. Hess attempted to relate the sleep producing mechanism to the parasympathetic portion of the vegetative system, since suppression of the sympathetic with ergotamine was said to lead to sleep. The involvement of cholinergic mechanisms is also indicated by the intraventricular injection of acetylcholine (Dikshit 73, 1934) . Demole (70, 7/, 1927) , Lafora (217, 1931) , Marinesco, Sager and Kreindler {257, 1929) and Brunelli (35, 1932) produced sleep by injection of small amounts of calcium salts into the hypothalamus or the third ventricle. A relation between a sleep promoting mechanism and that for heat regulation was noted in hibernating animals by Uiberall (37s, 1934) . These examples together with those already mentioned will serve to justify the theoretical consideration of a functional relationship between the hypothalamus and the control of sleep. It has been indicated that Ranson postulates the hypothalamus as the source of an emotional drive necessary for maintaining the waking state. The terms are perhaps unfortunate, as it is difficult for one to associate a calm, serene wakefulness with emotion. What is undoubtedly meant, however, is a toning effect on the activity of the higher brain structures-an effect which, if excessively active due to release from or activation by the cortex, may lead to the outward and inward expressions of emotion, but which is ordinarily exerted at a level below that producing marked somatic and vegetative changes. No doubt other structures are concerned, the cortex beyond all, and the means by which they act and interact will remain obscure until more information is obtained. In the meantime, the mere fact of locating in a vague way a part of the whole apparatus among the vegetative areas of the hyppthalamus is an essential step in our progress.
CONCLUSION
The variety of functions attributable to such a small structure as the hypothalamus seems almost incredible. The evidence for many of them, however, is convincing and who knows what new viewpoints will yet be added by future research. The contributions made clearly indicate that this portion of the brain contains important integrating mechanisms for the so-called vegetative functions. Many of these mechanisms produce their effects by influencing lower, subordinate complexes. In turn, the hypothalamus is undoubtedly under a certain measure of control by higher regions, including the cerebral cortex. It has been pointed out, also, that the hypothalamus may itself play a part in regulating the activities of the cortex, and students of psychic activity would do well not to ignore this possibility. The author is aware of the pitfalls lurking in this line of endeavor, but hardly needs to stress the importance of a conservative viewpoint, with due emphasis on facts rather than speculation. Not alone in this field, but along other lines is there need for more investigation. The hypothalamic mechanisms concerned with sleep and with emotional expression, with the control of body temperature in warm-blooded animals, with the activities of the viscera, etc., are by no means entirely clear. A great deal of work remains to be done upon the possible roles of the hypothalamus in the metabolism of mineral substances, carbohydrates, fats and proteins. In the latter case a practically virgin field is open. Much has been done in relation to water metabolism but as yet not all of the features of this problem are clear. The relation of the hypothalamus to reproduction is another fascinating field. The reader will have noted that attempts at localization of functions in the hypothalamus have met with little success except as to a few general areas. So far as specific cell groups are concerned, the nucleus supraopticus is the only one definitely linked with a certain activity. Perhaps no precise localization will be possible in many instances-the group or mass pattern reactions suggested by Beattie may be the answer. At any rate, so much has thus far been accomplished that one can only feel that as the loose threads are caught up, new ideas and viewpoints developed, and new tools for working devised, a concise, comprehensive statement as to the real functions of this region will one day be possible.
